





































































































relative THV, (Jim Lake) may indicate that the
assumed 12°C upper temperature bound may
indeed be too low. Relatively high dissolved
oxygen may be more important than tempera-
ture alone in determining the presence of lake in
small lakes (Evans et al. 1991). According to
Sellers et al. (1998), 5 or 6 mg/l dissolved
oxygen would be a realistic lower bound for
optimal lake trout habitat. They, however, did
not specify an upper temperature bound, indicat-
ing that lake trout use of epilimnetic waters may
be more dependent on potential forage in that
zone and the presence or absence of potential
competitors or warm- and cool-water predators
(e.g., northern pike) than on temperature in
some Ontario lakes. Small lakes having few or
no competing or predacious warm- or cool-
water fishes may allow lake trout to occupy a
wider range of thermal habitats than in larger
lakes having more diverse fish communities.
Thus, for example, THV might be calculated
using an upper bound of 15°C for a lake having
lake trout and northern pike, while 20°C might

be used as the upper bound for a lake trout lake

having no potential predators or competitors (B.
Parker, personal communication, 2000), instead
of 12°C. »

MEIl yield estimates and July THV yield
estimates can be regarded as first and second
generation efforts at predicting lake trout yields
from minimal data, that are easy to obtain and
relatively easy to calculate (Payne et al. (1990).
These estimates may allow initial decisions
regarding harvest levels for lake trout lakes
sustained by natural reproduction. Forty-nine
percent of Minnesota’s lake trout waters are less
than 100 hectares. Only one Ontario lake in the
data set used to develop the original JulyTHV
model was smaller than 100 hectares in total
area (Payne et al. 1990). Therefore, potential
yields from the JulyTHV model for Minnesota’s
smaller lakes should be used cautiously because
many are extrapolations beyond the original
data set. , V
The mean of JulyTHV yields (1.51
kg-ha-year')is approximately 3 times the aver-
age MEI lake trout yield (0.53 kg-ha'-year™).
This may suggest that adopting the MEI yield
for lake trout would be the more conservative
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approach to selecting harvest and yield for many
Minnesota lake trout lakes. The THV approach
to estimating yield, however, accounts for
habitat quality and quantity, factors that influ-
ence yield of individual lakes. Using the THV
approach to predicting lake trout yield for
individual lakes may allow for cautious tailoring
of angling regulations to groups of similar lake
types.

MEI and THV lake trout harvest levels,
derived from the yield estimates, may not pro-
tect lake trout populations in all lakes because
other biotic and abiotic variables may be limit-
ing in some lakes. Although sustainable lake
trout yields from small lakes, having few com-
petitors and less complex trophic structure, may
be greater than yields from larger lakes, having
more competitors or predators and more com-
plex trophic structure (Carl et al. 1990), habitat
elements other than temperature and oxygen
may limit lake trout populations in small lakes.

‘Shallow mixing due to short fetch may limit

oxygenation of the hypolimnion and cleansing
of potential spawning areas (Payne et al. 1990).
This condition may be worsened for small lakes
that lie among hills or ridges, having infrequent
wind exposure and incomplete spring or fall
mixing. Lake trout lakes having these character-
istics may have smaller sustainable yields and
may be extremely vulnerable to overharvest.

Recent analyses by Ontario biologists
(Shuter et al. 1998) indicate that small lakes
with low TDS values (e.g., 15 mg/l) are more
sensitive to angler exploitation than larger lakes
with relatively high TDS values (e.g., 180 mg/l).
Low TDS values are characteristic of many
Minnesota lake trout lakes (mean=37 mg/l,
N=69). Thus, lake trout populations in some of
Minnesota’s small, low TDS lakes may be in
jeopardy, and these vulnerable lakes may re-
quire more habitat protection and more protec-
tion from angler overexploitation (Shuter et
al.1998).

Predicted lake trout yields vary within
and among lakes, and the variation is attributed
to differences in biotic and abiotic factors. Yield
variation within lakes having complex basins
may be due in part to variation in habitat quality
and quantity in different parts of the lake. Year-



to-year variation in weather influences thermal
budgets. Lake mixing and reoxygenation of the
hypolimnion, depth of thermal stratification,
primary productivity, and rate of oxygen deple-
tion in the hypolimnion of most lakes and
metalimnion of lakes that are oxygen-limited
influence optimal habitat volume for lake trout.
The differences in potential THV lake trout
yield and safe MEI lake trout yield indicate that
additional abiotic and biotic variables may need
to be accounted for before more precise esti-
mates of sustainable lake trout yield and harvest
levels can be made for Minnesota lakes. Some
of the biotic variables needed from representa-
tive lake trout lakes include: lake trout growth
and mortality rates, primary productivity, and
for some lakes, a more complete knowledge of
differences in lake trophic and community
structure as well as angling effort and harvest
data. Quantity and quality of spawning habitat
is a very important abiotic factor that could limit
reproductive success.

From 18 summer and 42 winter creel
surveys, Cook and Younk (1998) found that
anglers keep a high proportion of lake trout. On
average, 15% (SE=3.8) of the lake trout caught
in summer are released, while in winter an
average of 37% (SE=4.0) of lake trout are
released. Not surprisingly, they found greater
harvestrates (0.082 fish/angler-hour) for anglers
targeting lake trout than for anglers that did not
specifically target lake trout (0.034 fish/angler-
hour). They found that the average size of lake
trout caught by summer and winter anglers was
similar, approximately 425 mm (TL) and 0.93
kg. Summer anglers began to harvest (i.e., keep)
lake trout at age 3, while winter anglers began
keeping lake trout at age 5. They noted that as
angling pressure (angler-hours/ha) increased the
average size of lake trout decreased. As fishing
pressure increases anglers catch rates (fish/hour)
decline, and the proportion of smaller fish
increases (Cook and Younk 1998).

Human-induced stresses, including
overexploitation, introduction of non-native
species (e.g., smallmouth bass Micropterus
dolomieu, walleye, and other species), and
cultural eutrophication may have already put
some lake trout populations in jeopardy, Some

of the lakes in the Superior National Forest and
BWCAW may have been stressed due to fishing
before the advent of snowmobiles when float- or
ski-equipped aircraft could access lake trout
lakes. Use of snowmobiles almost certainly
increased stress on some sensitive lake trout
populations, especially those in relatively small
lakes. Aerial counts showed anglers using
snowmobiles visited 27 lakes of a sub-sample of
36 lake trout lakes in the BWCAW and Superior
National Forest during the winter 1965 angling
season (Schumacher et al. 1966).

Restrictions on snowmobile use in the
BWCAW may have allowed some stressed lake

“trout populations to recover or partially recover.

With the passage of the Wilderness Act of 1964,
legal snowmobile use was limited to certain
routes that allowed relatively easy access to
some of the larger lake trout lakes, such as
Knife, Little Knife, Cypress, Ima, Thomas, and
Fraser (Heywood 1981). At that time winter
access to smaller lake trout lakes in the

j- BWCAW was restricted to nonmotorized travel
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(walk, ski, dogsled). Based on aerial counts in
winter 1965, Schumacher et al. (1966) indicated

- that 5 of 36 lakes in Cook County (Trout,
Clearwater, Partridge, Dunn, and Fay lakes) in

or near the BWCAW boundary may have re-
ceived yearly angling pressure approaching or
exceeding a critical level of approximately 12
angler-hours/hectare. This was considered to be
the maximum allowable pressure for a sustain-
able lake trout yield. That study, however, did
not estimate lake trout yield. In 1980, after the
1979 closure of the snowmobile route to
Thomas, Ima, and Fraser lakes (Public Law 95-
495), fishing pressure (range: zero to 8.9 angler-
hours/hectare; X = 2.4) on 28 lakes in the
MNDNR Ely management area, such as Knife,
Little Knife, and Cypress, appeared to increase
while it decreased or was eliminated on less
accessible lakes (Heywood 1981). In winter
1981, estimated lake trout yield from these 28
Ely Area lakes ranged from 0.0 to 1.1 kg/ha (%
= 0.35). During winters of 1980-1982, angling
pressure on 9 BWCAW lakes in the MNDNR
Grand Marais area ranged from 0.0 to 17.2
angler-hours/ha (%X = 4.3) with pressure being
highest on the more accessible lakes. Estimated



winter yields on these 9 lakes ranged from 0.01
to 2.14 kg/ha (X = 0.57). During the same
period, angling pressure on 12 lakes outside or
partially outside the BWCAW ranged from <0.1
to 60.4 angler-hours/ha (X = 11.8) with pressure
being higher on relatively small, stocked lakes.
Estimated yields on these 12 lakes in winter
ranged from 0.01 to 3.74 kg/ha (x = 1.03).
Considering Healey’s (1978) estimate that lake
trout lakes with angling yields exceeding 0.45

kg-ha'-year! likely are overfished, Martin and -

Olver’s (1980) recommendation that yields in
the range of 0.25 - 0.75 kg-ha™-year' may be
sustainable, and the OMNR (1982) recommen-
dation that a safe lake trout yield may be 25% of
the MEI fish yield, some of Minnesota’s rela-
tively old, winter creel survey information

indicates that sustainable lake trout yield levels

were exceeded in some BWCAW lakes and
non-BWCAW lakes. This is particularly disturb-
ing because the undetermined harvest from the
open-water season may have been a major part
of the total annual harvest.

In 1984, the cessation of all legal snow-
mobile travel within the BWCAW made moni-
toring winter angling activity in the BWCAW
difficult. Almost no quantitative or qualitative
angling effort or harvest information has been
collected for lakes in the BWCAW since. The
closure of snowmobile routes in the BWCAW
may have concentrated winter angling effort on
lake trout lakes outside and on the periphery of
the BWCAW. For almost all lake trout lakes in
the BWCAW we do not know how current
winter and summer harvests relate to either MEI
or THV harvest levels. Yet, angling for lake
trout, especially in the spring before thermal
stratification, is a popular activity in and out of
the BWCAW. Some of the native lake trout
fisheries likely have been or are being
overexploited by a combination of summer and
winter angling. Since the snowmobile access to
most lakes is illegal, it is likely that most harvest
of lake trout in the BWCAW now occurs during
the open-water season, except perhaps for
BWCAW lake trout lakes that are easily ac-
cessed during winter (e.g., Partridge, Daniels,
and Duncan lakes). There are, however, some

‘BWCAW lakes that are targeted by winter
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anglers that traveling by snowshoes, skis, or
dogsled. It is possible that groups of anglers,
summer or winter, could exceed the safe harvest
levels for some small lakes.

Management and Research Implications

Given that lake trout are highly sought-
after and are a limited resource in Minnesota,
lake trout populations that may be stressed
should be identified. They should be considered
for greater protection from over-exploitation by
anglers, and greater protection from cultural
eutrophication or other human-induced stresses.
It is likely that there are few, if any, Minnesota
lake trout populations capable of supporting
commercial fisheries. Angler harvest levels
higher than those occurring now may not be
sustainable for most unstocked lake trout lakes
and some lakes are probably already over-
harvested. There is a continuing need to deter-
mine the status and use of Minnesota’s rela-
tively remote, unstocked lake trout populations,
as well as those in more accessible lakes.

Lake trout populations that may be at
risk should be identified by further evaluation of
thermal habitat (Ryan and Marshall 1994). Their
definition of lake trout niche, based on mean
depth, primary productivity, and seasonal oxy-
gen depletion, can be used tentatively to identify
and categorize Minnesota’s lake trout popula-
tions that may be at risk. Further analyses of
existing’ and new data, using concepts and
procedures developed and discussed by Payne et
al. (1990), Ryan and Marshall (1994), Marshall
(1996), and Shuter et al. (1998) are recom-
mended. Greater understanding of lake trout use
of relatively warm water in some lakes (Sellers
etal. 1998) may require modification of the lake
trout niche definition. Further evaluation of lake
trout behavior, lake trout predator-prey relation-
ships, growth, and angler exploitation would be
useful in making lake trout management deci-
sions.

Additional field data is needed. TDS
measurements can easily be made with inexpen-
sive, highly portable meters. Detailed depth-
temperature-dissolved oxygen profiles should
continue to be gathered from known and sus-



pected lake trout lakes, especially during the
July-August stratification. On specific lakes,
where dissolved oxygen is suspected to be
limiting, it would be useful to have DTO, data
collections before stratification to determine the
extent of oxygen recharge in spring, and just
before fall mixing to have a more complete
understanding of oxygen depletion. DTO, data
from multiple years would be valuable in as-
sessing year-to-year variation in lake trout
habitat quantity and quality. Field crews should
collect DTO, data from the deepest location on
a lake as standard procedure. For lakes with

complex or separate basins, multiple DTO,

profiles are useful in documenting within lake
variation. Additional water transparency (sum-
mer Secchi disc visibility), spring total phospho-
rus, and summer chlorophyll a concentration
measurements are needed.

With few exceptions, there is little
current, reliable harvest or yield information
from Minnesota lake trout lakes to compare to
safe or potential harvest estimates. A great deal
of effort would be required to obtain the needed
data. Yield estimates for an entire angling year
are rare. Carefully designed creel surveys and
population studies can produce valuable fishery
and population statistics, however, these efforts
are labor intensive and difficult in remote areas.
Angler diaries or surveys may be tested. Current
status of lake trout in remote lakes can be veri-
fied by careful sampling with alternative netting
gear designed to minimize mortality, especially

- on small lakes, and acoustic methods may be
tested. Radio or ultrasonic telemetry may pro-
vide better understanding of lake trout habitat
use.

37



References

Bohlander, D.J. 1996. Creel survey of Big Trout
and Roosevelt Lakes, Cass and Crow
Wing Counties, Minnesota, January 14,
1995 - March 15. 1995. Minnesota
Department of Natural Resources, Divi-
sion of Fish and Wildlife, Section of
Fisheries, Study 4 Report, Job 356, St.
Paul.

Burr, JM. 1991. Length limit regulations as
applied to Alaskan lake trout fisheries,
a synthesis of available data with rec-
ommendations. Alaska Department of
Fish and Game, Division of Sport Fish,
Fishery Manuscript Number 91-5, An-
chorage.

Carl, L., M.F. Bernier, W. Christie, L. Deacon,
P. Hulsman, D. Loftus, D. Maraldo, T.
Marshall, and P. Ryan. 1990. Fish com-
munity and environmental effects on
lake trout. Lake Trout Synthesis, On-
tario Ministry of Natural Resources,
Toronto.

Charlton, M.N. 1980. Hypolimnion oxygen
consumption in lakes: discussion of
productivity and morphometry effects.
Canadian Journal of Fisheries and
Aquatic Sciences 37:1531-1539.

Christie, G.C., and H.A. Regier.1988. Mea-
sures of optimal thermal habitat and
their relationship to yields of four com-
mercial species. Canadian Journal of
Fisheries and Aquatic Sciences 45:301-
314.

Cook, M.F., and J.A. Younk. 1998. A historical
examination of. creel surveys from
Minnesota’s lakes and streams. Minne-
sota Department of Natural Resources,
Division of Fish and Wildlife, Section
of Fisheries, Investigational Report 464,
St. Paul.

Cornett, R.J., and F.H. Rigler. 1980.
Hypolimnetic oxygen deficits: their
prediction and interpretation. Science
(Washington, D.C.) 205:580-581.

Eiler, P.D. 1994. A creel survey of the lake
trout fisheries on Gunflint and Loon
Lakes, Cook County, Minnesota, 16

38

January - 15 March 1993. Minnesota
Department of Natural Resources, Divi-
sion of Fish and Wildlife, Section of
Fisheries, Completion Report, Job 291,
St. Paul. :

Evans, D.O., J.M. Casselman, and C.C. Willox.
1991. Effects of exploitation, loss of
nursery habitat, and stocking on the
dynamics and productivity of lake trout
populations in Ontario lakes. Lake
Trout Synthesis, Ontario Ministry of
Natural Resources, Toronto.

Groebner, J.F. 1969. Research and management
activities at Grindstone Lake - Pine
County, 1955-1969. Minnesota Depart-
ment of Conservation, Division of
Game and Fish, Progress Report, St.
Paul.

" Healy, M.C. 1978. The dynamics of exploited

lake trout populations and the implica-
tions for management. Journal of Wild-
life Management 42:307-328.

Heywood, C.M. 1981. A creel census of 28 lake
trout lakes in the Ely area of the Bound-
ary Waters Canoe Area Wilderness
censussed during the winter of 1979-
1980. Minnesota Department of Natural
Resources, Division of Fish and Wild-
life, Section of Fisheries, Staff Report
No. 27, St. Paul.

Heywood, C.M. 1986. A creel census of 3 lake
trout lakes and 6 stream trout lakes in
the Ely area during the winter of 1984.
Minnesota Department of Natural Re-
sources, Division of Fish and Wildlife,
Section of Fisheries, Study 4 Report,
Job36A, St. Paul.

Kucera, T.A., and B.L. Torp. 1976a. Annual
report of the statewide creel census on
90 lakes and 32 trout streams in Minne-
sota, May 5, 1974 - February 28, 1975.
Minnesota Department of Natural Re-
sources, Division of Fish and Wildlife,
Section of Fisheries, Investigational
Report 344. St. Paul.

Kucera, T.A., and B.L. Torp. 1976b. Annual
report of the statewide creel census on



83 lakes and 36 trout streams in Minne-
sota, April 27, 1973 - February 28,
1974. Minnesota Department of Natural
Resources, Division of Fish and Wild-
life, Section of Fisheries, Investiga-
tional Report 342. St. Paul.

Macins, V. 1985. An assessment of the effects
of angling pressure on lake trout in
Whitefish Bay, Lake of the Woods.
Ontario Ministry of Natural Resources,
Lake of the Woods - Rainy Lake Fish-
eries Assessment Unit Report 1985-02,
Kenora.

MacLean, N., J.N. Gunn, F. Hicks, P. Ihssen,
M. Malhiot, T. Mosindy, and W. Wil-
son. 1990. Genetic and environmental
factors affecting the physiology and
ecology of lake trout. Lake Trout Syn-
thesis, Ontario Ministry of Natural
Resources, Toronto.

Magnuson, J.J., L.B. Crowder, and P.A.
Medvick. 1979. Temperature as an
ecological resource. American Zoolo-
gist 19:331-343.

Magnuson, J.J., J.D. Meisner, and D.K. Hill.
1990. Potential changes in the thermal
habitat of Great Lakes fish after global
climate warming. Transactions of the
American Fisheries Society 119:254-
264.

Marshall, T.R. 1996. A hierarchical approach to
assessing habitat suitability and yield
potential of lake trout. Canadian Journal
of Fisheries and Aquatic Sciences
53(Supplement 1):332-341.

Martin , N.V., and C.H. Olver. 1980. The lake

' charr, Salvelinus namaycush. Pages 205
- 277. In E.K. Balon, editor. Charrs:
salmonid fishes of the genus Salvelinus.
Dr. W. Junk, The Netherlands.

McAughey, S.C., and JM. Gunn. 1995. The
behavioral response of lake trout to a
loss of traditional spawning sites. Jour-
nal of Great Lakes Research.
21(Supplement 1):375-383.

Micklus, R.C. 1959a. Sport fishing harvest of
the lake trout fishery on West Pike
Lake, Cook County. Minnesota Depart-

39

~ment of Conservation, Investigational
Report No. 222, St. Paul.

Micklus, R.C. 1959b. Final report of a three
year creel census on a lake trout sport
fishery on Mountain Lake, Cook
County. Minnesota Department of Con-
servation, Investigational Report No.
207, St. Paul.

Micklus, R.J. 1959c. Final report of a three
year creel census on a lake trout sport
fishery on Clearwater Lake, Cook
County. Minnesota Department of Con-
servation, Investigational Report No.
201, St. Paul.

Micklus, R. C. 1959d. A comparison of the
sport fisheries of 1937 and 1957 on
Seagull Lake, Cook County, Minnesota
Department of Conservation, Investiga-
tional Report No. 203, St. Paul.

Olson, R.A., J.D. Winter, D.C. Nettles, and
J.M. Haynes. 1988. Resource partition-
ing in summer by salmonids in south-
central Lake Ontario. Transactions of
the American Fisheries Society

- 117:552-559.

Ontario Ministry of Natural Resources. 1982.
Partitioning yields estimated from the
morphoedaphic index into individual
species yield. Strategic Planning for
Ontario Fisheries, Policy Development,
Working Group Number 12. Toronto.

Payne, N.R.A., R.J. Carver, D.S. MacLennan,
S.J. Nepszy, B.J. Shuter, T.J. Stewart,
and E.R. Thomas. 1990. The harvest
potential and dynamics of lake trout
populations in Ontario. Lake Trout
Synthesis, Ontario Ministry of Natural
Resources, Toronto.

Persons, S.E. 1985a. A winter creel census of
45 lake and stream trout lakes in Cook
County, Minnesota, 1980 - 1982. Min-
nesota Department of Natural Re-
sources, Division of Fish and Wildlife,
Section of Fisheries, Study 5 Report,
Job 34A, St. Paul.

Persons, S.E. 1985b. A quantitative and qualita-
tive creel census of Saganaga Lake,
Cook County, Minnesota, Minnesota
Department of Natural Resources, Divi-



sion of Fish and Wildlife, Section of
Fisheries, Study 5 Report, Job 7, St.
Paul.

Persons, S.E. 1986a. A quantitative and quali-
tative creel census of the 1985 winter
trout season on four Cook County
lakes. Minnesota Department of Natu-
ral Resources, Section of Fisheries,
Division of Fish and Wildlife, Section
of Fisheries, Study 5 Report, Job37A,
St. Paul.

Persons, S.E. 1986b. A quantitative and quali-
tative creel census of Saganaga Lake,
Summer 1985. Minnesota Department
of Natural Resources, Division of Fish
and Wildlife, Section of Fisheries,
Study 5 Report, Job 42, St. Paul.

Persons, S.E. 1987. A creel census of the 1986
summer season on eight Cook County
lakes. Minnesota Department of Natu-
ral Resources, Division of Fish and
Wildlife, Section of Fisheries, Study 5
Report, Job 53, St. Paul.

Persons, S.E. 1991. A creel survey of the lake
trout fisheries on Gunflint and Loon
Lakes, Cook County, Minnesota, Janu-
ary 13 - 15 March 1990. Minnesota
Department of Natural Resources, Divi-
sion of Fish and Wildlife, Section of
Fisheries, Study 4 Report, Job 162, St.
Paul.

Persons, S.E. 1992. A creel survey of Saganaga
Lake, Cook County, Minnesota, 11
May 1991 - 30 September 1991. Min-
nesota Department of Natural Re-
sources, Division of Fish and Wildlife,
Section of Fisheries, Study 4 Report,
Job 193, St. Paul.

Persons, S.E. 1992. A creel survey of Daniels,
Portage, Little Portage, and Topper
Lakes, Cook County, Minnesota, De-
cember 29, 1990 - March 31, 1991.
Minnesota Department of Natural Re-
sources, Division of Fish and Wildlife,
Section of Fisheries, Study 4 Report,
Job 194, St. Paul.

Persons, S.E. 1993. A creel survey of Gunflint,
Little Gunflint, Little North, and North
Lakes, Cook County, Minnesota, 9 May

40

@

1992 - 30 September 1992. Minnesota
Department of Natural Resources, Divi-
sion of Fish and Wildlife, Section of
Fisheries, Study 4 Report, Job 255, St.
Paul.

Persons, S.E. 1993. A creel survey of Saganaga
Lake, Cook County, Minnesota, 18
January 1992 - 15 March 1992. Minne-
sota Department of Natural Resources,
Diviston of Fish and Wildlife, Section
of Fisheries, Study 4 Report, Job 402,
St. Paul.

Persons, S.E. 1996. A creel survey of Saganaga
Lake, Cook County, Minnesota, 13
May 1995 - 30 September 1995. Min-
nesota Department of Natural Re-
sources, Division of Fish and Wildlife,
Section of Fisheries, Study 4 Report,
Job 366, St. Paul.

Persons, S.E. 1997. A creel survey of Saganaga
Lake, Cook County, Minnesota, 13
January 1996 - 15 March 1996. Minne-
sota Department of Natural Resources,
Division of Fish and Wildlife, Section
of Fisheries, Study 4 Report, Job 402,
St. Paul.

Persons, S.E. 1998. A creel survey of
Clearwater and West Bearskin Lakes,
Cook County, Minnesota, 10 May 1997
- 30 September 1997. Minnesota De-
partment of Natural Resources, Divi-
sion of Fish and Wildlife, Section of
Fisheries, Study 4 Report, Job 432., St.
Paul.

Persons, S.E. 1998. Determination of the size of
a native lake trout population in Gillis
Lake, northeastern Minnesota. Minne-
sota Department of Natural Resources,
Division of Fish and Wildlife, Section
of Fisheries, Study 4 Progress Report,
Job 433, Grand Marais.

Persons, S.E., and S.A. Hirsch 1989. Creel
survey of Saganaga Lake on the Minne-
sota - Ontario border, 2 January to
March 1988. Minnesota Department of
Natural Resources, Division of Fish and
Wildlife, Section of Fisheries, Study 4
Report, Job 88, St. Paul.



Reid, G. K. 1961. Ecology of inland waters and
estuaries. Reinhold, New York.

Ryan, P.A., and T.R. Marshall. 1994. A niche
definition for lake trout (Salvelinus
namaycush) and its use to identify pop-
ulations at risk. Canadian Journal of
Fisheries and Aquatic = Sciences
51:2513-2519.

Ryder, G.K. 1965. A method for estimating the
potential fish production of north-tem-
perate lakes. Transactions of the Amer-

‘ ican Fisheries Society 94:214-218.

Ryder, G.X., S.R. Kerr, K.H. Loftus, and H.A.
Regier. 1974. The morphoedaphic in-
dex, a fish yield estimator - review and
evaluation. Journal of the Fisheries
Research Board of Canada 31:663-688.

Scott, W.B., and E.J. Crossman. 1973. Freshwa-
ter fishes of Canada. Bulletin of the
Fisheries Research Board of Canada
182.

Schumacher, R.E., L. Wroblewski, and C.R.
Burrows. 1966. Winters anglers use of
36 trout lakes in or adjacent to the
Boundary Waters Canoe Area in north-
eastern Minnesota during the winter of
1965. Minnesota Department of Con-
servation, Division of Game and Fish,
Investigational Report 291, St. Paul.

Sellers, T.J., B.R. Parker, D.W. Schindler, and
W.M Tonn. 1998. Pelagic distribution
of lake trout (Salvelinus namaycush) in
small Canadian Shield lakes with re-
spect to temperature, dissolved oxygen,
and light. Canadian Journal of Fisheries
and Aquatic Sciences 55:170-179.

Shuter, B.J., M.L. Jones, R.J. Carver, and N.P.
Lester. 1998. A general, life-history
based model for regional management
of fish stocks: the inland lake trout
(Salvelinus namaycush) fisheries of
Ontario. Canadian Journal of Fisheries
and Aquatic Sciences 55:2161-2177.

Siesennop, G.D. 1992. Survival, growth, sexual
maturation, and angler harvest of three
lake trout strains in four northeastern
Minnesota lakes. Minnesota Depart-
ment of Natural Resources, Division of

s

41

Fish and Wildlife, Section of Fisheries,
Investigational Report 419. St. Paul.

Snucins, E.J., and J. Gunn. 1995. Coping with a
warm environment: behavioral
thermoregulation by lake trout. Trans-
actions of the American Fisheries Soci-

ety 124:118-123.

Thompson, D. 1991. Snowbank Lake winter
creel survey 1991. Minnesota Depart-
ment of Natural Resources, Division of
Fish and Wildlife, Section of Fisheries,
Study 4 Report, Job 192, St. Paul.

Thompson, D. 1992. Burntside Lake winter
creel survey 1992. Minnesota Depart-
ment of Natural Resources, Division of

- Fish and Wildlife, Section of Fisheries,
Study 4 Report, Job 216, St. Paul.

Torp, B.L.,, T.A. Kucera, B.W. Hawkinson.
1977. Annual report of the statewide
creel census on 83 lakes and 35 trout
streams in Minnesota, April 29, 1972 -
February 29, 1973. Minnesota Depart-
ment of Natural Resources, Division of
Fish and Wildlife, Section of Fisheries,
Investigational Report 339. St. Paul.

Wilkinson, L. 1997. SYSTAT 7.0, New Statis-
tics. SPSS, Inc., Chicago.



@

Appendix Table 1. . Dates of winter (W) and summer (S) (i.e., spring-summer-fall) creel surveys of Minnesota lake trout
lakes for which yield and harvest estimates are included in this report (see Table 4). Abbreviations:
BWCAW = Boundary Waters Canoe Area Wilderness; Y = yes; N = no.

BWCAW Lake trout
MN lake _lake stocked

Lake name number (Y/N) (Y/N) Season Creel survey year(s) Reference
Roosevelt 11-0043 N Y w 1995 Bohlander, D.J. 1996
Trout 16-0049 N N S 1979-1983, 1997 various
w 1978-1981, 1984 various
Greenwood 16-0077 N Y/N w 1982 Persons, S.E. 1985a
Pike, West 16-0086 Y N S 1954, 1955, 1956 Micklus, R.C. 1959a
Mountain 16-0093 Y N S 1954, 1955, 1956 Micklus, R.C. 1959b
Alder 16-0114 Y N W 1982 Persons, S.E. 1985a
Clearwater 16-0139 Y Y/N S 1936, 1954, 1955, 1956, Micklus, R.C. 1959c,
S 1986, 1997 Persons, S.E. 1987, 1998
w 1981, 1985 Persons, S.E. 1985, 1986
Daniels 16-0150 Y Y/N w 1980, 1981, 1984, 1985, 1991 Persons, S.E. 1985a,
1986, 1992
Trout, Little 16-0170 Y N w 1980, 1981 Persons, S.E. 1985a
Ram 16-0174 Y Y W 1980, 1981 Persons, S.E. 1985a
Kemo 16-0188 N Y w 1981, 1984 Persons, S.E. 1985a, 1989
Bearskin, W. 16-0228 N Y S 1986, 1997 Persons, S.E. 1987, 1998
w 1980, 1981, Persons, S.E. 1985a
w 1983-1990 Siesennop, G.D. 1992
Duncan 16-0232 Y Y S 1986 Persons, S.E. 1987
- W 1980, 1981 Persons, S.E. 1985a
‘' 1983-1990 Siesennop, G.D. 1992
Partridge 16-0233 Y N W 1980, 1981 Persons, S.E. 1985a
Moss 16-0234 N Y w 1980, 1981, 1985 Persons, S.E. 1985a, 1986
South 16-0244 Y N w 1973, 1974, 1975, 1980, 1981 Kucera, T.A., and B.L.
Torp. 1976a,b; Torp, B. et
al. 1977, Persons, S.E.
1985a
Birch 16-0247 N Y S 1986 Persons, S.E. 1987
w 1973, 1974, 1975, 1980, 1981 Kucera, T.A., and B.L.
Torp. 1976a,b; Torp, B. et
al. 1977; Persons, S.E.
1985a
w 1983-1990 ' Siesennop, G.D. 1992
North 16-0331 N N S 1992 Persons, S.E. 1993
Mayhew 16-0337 N Y S 1986 Persons, S.E. 1987
w 1973, 1974, 1975, 1980, 1982 Kucera, T.A., and B.L.
Torp.-1976a,b; Torp, B. et
al. 1977; Persons, S.E.
: 1985
w 1983-1990 Siesennop, G.D. 1992
Gunflint 16-0356 N Y/N S 1983, 1992 Persons, S.E. 1984, 1993
w 1980, 1982, 1984, 1990, 1993 Persons, S.E. 1984, 1991;
Eiler, P.D. 1993
Loon 16-0448 N Y/N S 1986 Persons, S.E. 1987
w 1980, 1984, 1990, 1993 Persons, S.E. 1984,
1985a, 1991; Eiler, P.D.
1994
Tuscarora 16-0623 Y N W 1973, 1974, 1975, 1980, 1981 Kucera, T.A., and B.L.

Torp. 1976a,b; Torp, B. et
al. 1977, Persons, S.E.
1985a
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Appendix Table 1. Continued.

BWCAW Lake trout

MN lake _lake stocked
Lake name number (Y/N) (Y/N) Season Creel survey year(s) Reference
Seagull 16-0629 Y N S 1937, 1956, 1957 Micklus, R.C. 1959d
. w 1980 Persons, S.E. 1985a
Saganaga 16-0633 Y N S 1984, 1985, 1991, 1995 Persons, S.E. 1985b,
1986, 1992, 1996
W 1988, 1992, 1996 Persons, S.E. 1989, 1993,
1997
Trout, Big 18-0315 N Y S 1988 - Nelson, R.T. 1989
w 1995 Bohlander, D.J. 1996
Trout 31-0410 N Y S 1982-1984 Thompson, R., and D.
Holmbeck, 1985
w 1982 Holmbeck, D. 1982
Caribou 31-0620 N Y w 1979-1982 Holmbeck, D. 1982
Cherry 38-0166 Y N w 1980 Heywood, C.M. 1981
Topaz 38-0172 Y: N w 1980 Heywood, C.M. 1981
Holt 38-0178 Y "N w 1980 Heywood, C.M. 1981
Hanson 38-0206 Y N W 1980 Heywood, C.M. 1981
Ester 38-0207 Y N W 1980 Heywood, C.M. 1981
Cypress 38-0211 Y N w 1980 Heywood, C.M. 1981
Rabbit 38-0214 Y N W 1980 Heywood, C.M. 1981
Kekekabic 38-0226 Y N w 1980 Heywood, C.M. 1981
Amoeber 38-0227 Y N W 1980 Heywood, C.M. 1981
Knife, Little 38-0229 Y N w 1980 Heywood, C.M. 1981
Missionary 38-0398 Y N w 1980 Heywood, C.M. 1981
Explorer 38-0399 Y N w 1980 Heywood, C.M. 1981
Knife 38-0404 Y N W 1980 : Heywood, C.M. 1981
Snowbank 38-0529 Y/N N W 1973, 1974, 1975, 1984, 1991 Torp, B. et al. 1977;
Kucera, T.A.,, and B.L.
Torp 1976a,b; Heywood,
C.M. 1986; Thompson, D.
1991
Ojibway 38-0640 N N w 1973, 1974, 1975, 1984 Torp, B. etal. 1977,
Kucera, T.A., and B.L.
Torp 1976a,b; Heywood,
C.M. 1986
Grindstone 58-0123 N Y S 1962, 1963, 1966, 1985 Groebner, J. 1969; Korby,
' B., and R. Mead, 1986
Burntside 69-0118 N Y w 1973, 1974, 1975, 1984, 1992 Torp, B. et al. 1977;

Kucera, T.A.,, and B.L.
Torp 1976a,b; Heywood,
C.M. 1986; Thompson, D.
1992
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